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ABSTRACT

This study was carried out to investigate expression of apoptosis-related differentially expressed gene (DEG) in
ovaries of Korean cattle with follicular and luteal cysts and to identify the relationship between cyst and apoptosis
using microarray, real-time PCR, TUNEL staining, and Western blot analysis. Microarray data showed that PIK3R2
and AKT1 were significantly up-regulated in follicular cyst, and TNF-RAF2, PRLR, FOXL2, STK4, and COL4A3
were up-regulated whereas INHA, CIDEB, BCL10, and FASLG were down-regulated in luteal cyst. Real-time PCR
was performed to validate DEGs altered in luteal cyst. Of nine DEGs, four DEGs down-regulated in luteal cyst showed
a positive corelation between microarray data and real-time PCR data. In this study, we focused on INHA, among
many DEGs, which was highly down-regulated in both follicular and luteal cysts. Real-time PCR and microarray data
showed that INHA was down-regulated by 12.3-fold and by 1.4-fold, respectively, in the bovine follicular cyst.
TUNEL assay and Western blot analysis for ERK, INK, p38, PI3K, and Akt, which were used to detect whether apop-
tosis is occurred, showed no significant changes in cystic ovaries (p>0.05). In the expression and activity of caspase-3,
Bax, Bcl-2, and Bel-xL, there was no significant changes between follicular cystic ovary and normal ovary. Rather,
the expression levels of PI3K and p-Akt were decreased in follicular cystic ovary. These results suggest that deficiency
of apoptosis in cystic ovary is associated with decreased expression of apoptotic effectors.

(Key words : Korean cattle, microarray, follicular cyst, luteal cyst, apoptosis)

M E o #HEA E(granulosa cell) AEA= dEH A 8 o
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E 2535 2 E(follicular stimulating hormone, FSH) ¥4] 2z
< JAIst] 2L dx o) TS X QA I | o]t u)
o] dojubx] %Al Fri(Costanzo, 2006). 12t 24t 2 ¢
| Ao o3 A= Yo AFsAY FUR
Eg 2 ZER] Bu] 0|30 F s QAo WE 4 u
EgEol e FYFHEYG X GA T =42 HIE =
‘4'E°1V1 Bt o AAs F4Eon, HilHe dEoA
FHZANEL FERN T AlFol Z7Hetg th(Jakimivk 5,
2001; Thornberry®} Lazebnik, 1998). FE0] Yo wz}
FHZAE APAE FHE3HE7E AbEbs t(Thomberry
Lazebnik, 1998). 4~ X1 494X HA] Fas antigen/Fas ligand
signalinge %3l MEZADALE ZE=cthMargalit 5, 2005).
Iy dadE Al AEAEAL @] B oy A3xakE A
old] JdHtd HE £E3}3 UthIsobe2} Yoshimura, 2000a;
Isobe?} Yoshimura, 2007; Peter$} Dhanasekaran, 2003)
HHSAE A wel FAE £ = b L
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phosphate buffered saline(PBS)ZE A& 3t 3 A1&:3}7) 21) o]
2} 9] ¢] RNAlater(Qiagen GmbH, Hilden, Germany)l 27}
4ToNA 1227t o] A3 FH 8 ARl A RNAlater

& AATY F -80CE &4 *éﬁ‘ A7HA) Basidoh WA A
el FPL =AM 3ed dad FuFH Heey
&7 2AsS v‘L-rsP’iE}(él 5, 2008).

2. Oloja=zofgo| 24

W2 HE RNAS F&319 ¢
XA cRNA 10~15 pge B ﬁ-gﬂ(fragmentatlon buffer,
Affymetrix Inc, CA, USA)S ©]&3t4 35 bpoll A 200 bp7tAl
AT 207 cRNA, ¥ £ 2 RNA £l a7}

+ =(RNase free water)& 0.2 ml PCR tubeol]l 23 94T
A 3587 W& REstTh 289 cRNAE GeneChip® Bo-
vine Genome Array Chips(Affymetrix)S ©]&3le A ZALS]
A3 FAol wat AsstHch o8 ol(array) S
phycoerythrin complexE 7FA12 448 ¥ GeneChip Opera-
ting Software(Affymetrix, CA, USA)E 7FE= & ZA 3t Gene-
Chip scanner 3000(Affymetrix)S ©]83} 273t W3 7
d& B45Ah el olHol ¥4 A AP MY v

AE T AAS & %

2 streptavidin-

gA - A7 - LA - BaR)-

©] Q(an agency of Affymetrix Gene Chip, Seoul, South Korea)
o stk

3, M2 AXAISE B_J_sol-tl}g(qRT PCR)

Total RNAE TRIzol(invitrogen, Carlsbad, CA, USA)S A}
43t AN, dEEF 2 FAGETE Holg dAEREH F
259t} 329 total RNAE Superscript preamplification sys-
tem(Invitrogen) 3 oligo(dT)E |43t cDNAZE FAHIUTH
A E cDNAT A(bovine)oll §QFoZ Z‘}%ﬁ}{— primer=
o| &3t} ZEZEYTHTable 1). TZAELS G7|NE BAE
] A3tk 7t R-FAe] mRNA 2¥F
dehyde 3-phosphate dehydrogenase(GAPDH)S| 23 &0 & H
%y A5

< glyceral-

4. MZATE Z4(TUNEL Staining)

MEAE-E &21317] A3t in situ cell death detection kit
(Roche, Mannheim, Germany)€ ©]-83}%] Terminal deoxynucleo-
tidyl Transferase Biotin-dUTP Nick End Labeling(TUNEL) 9
A& 2AIEA T} 4% paraformaldehydeZ Y4 H Al EE PBS
Z MA3% & M X TUNEL reaction mixture®] 3 F& &0}
3A 317] 918l permeabilization £ 94-& 30%7F A3} 15
£7+ PBSE 33 Al &3t A4 § TUNEL reaction mix-
ture(TdT and Fluorescein-dUTP)E 28|38t 37TCeA 147}
FA 9 A A TE oluf) A T) EF(positive control)<> DNase

& 37ColA 1217} F¢F A2)¥ & TUNEL reaction mixture
Z kS AJ71A, S ) ZTH(negative control)< terminal trans-
feraseZ A ] 3 TUNEL reaction mixture2 ¥H-5-AF Tl o] &
PBSZ 5%} 33 M &g & MEE wet mounting3te] &3
Aol st A A EAVE S AFsTh

5 YAHE 4 (Western Blot Analysis)

g NEANE A3 A AR #oste 9y
& 247 f3 B34 € 4F A2 PBSE A2 H 15
ml FBo @3 F3ll &d(lysis buffer; RIPA buffer, Cell sig-
naling technology, Danvers, MA, USA)S Yol B35t &
A ZHEE 4CoAA 3087 vigE $ 13,000 rpm(16,609 x
g, Micro 17TR, Hanil, Korea)oll A 30%7H4C) &2 =}
o A F AFEE O HEL 15 ml FEE 7137
Bradford protein assay(Bio-Rad, Hercules, CA, USA) A]2FS
o] &3t At ¥ A F 50~100 pgs 7 €
of 2ol 10% SDS-PAGEIA H7g5% ¥
fluoride(PVDF) membrane(0.45 xm, Millipore, Bedford, MA,
USA)ell A7 & DA EE &7 F, blocking &N (5% fat-
free milk and 0.05% Tween20 in TBS), 12} 3+4|(Anti-ERK,
-pERK, -Jnk, -pJuk, -p38, -pp38, -Bcl-xL, -Bax, -Bcl-2, -Ca
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Table 1. Bovine-specific primer sequences used for real-ime PCR

Gene symbol GenBank accession Nos. Primer sequences (5°-3") Expected size (bp)

TNF-RAF2

Sense: CATCGCTACTGCTCCTTCTG

XM 869007 ) 95
- Antisense: AGACGCCCTCCTCGTAAAT
PRLR? NM 001039726 Sen.se: CATCAACCAGATGGGAATCA 97
- Antisense: TTCCAAAGTCAGGTTTGCAG
FOXI2 NM 001031750 Sen'se: ACGAGTGCTTCATCAAGGTG 94
- Antisense: CCCTTCTCGAACATGTCCTC
STK4 NM 001015602 Sen.se: GTCATTGGGAATAACAGCCA 97
- Antisense: GGTGGGTTGGTAGGAATCAT
COLAA3 XM 618164 Sen'se: AAATGGATTGAAAGGGCAAC 99
- Antisense: TTCTCCAGGAAATCCTGACC
INFHA NM 174094 Sen.se: GGAGGGCCTCTTCACGTAT 97
- Antisense: GTCTGTCCAGTCCTGTGTGG
CIDBE NM 001034567 Sen.se: CAGCCTGAATATCAAAGCCA 08
- Antisense: GGAGGAGCTCCCTGAGTATTT
BCLIO NM 001078028 Sen.se: TGATGGAGCCACAAATAACC 99
- Antisense: TCTCCTTCTGGGTGATACATGA
FASLG NM_ 001098859 Sense: GAGTTGGCTGAACTCAGAGAGTC 0

Antisense: TTCTCAGAGGGTGGACTGG

spase-3, -PI3K, -Akt ¥ -pAkt; Santa Cruz Biotechnology, Inc.,
CA, USA), 27} 3A(Sigma, St Louis, MO, USA)E A7t
membraneg M &3 3= 9ol A enhanced chemiluminescence
(ECL Plus kitELPIS, Taejeon, Korea)& ©]8-8led 3 wha 2
& Z30A W EAS SA8d 7 B wage

actin® LHFOZ AT . vy BAetyr)

A& Student's r-testE o] 25}
AT A (p<0.05), ZHELS HF+F

1. H2ZEAM B3R = Al
Table 29} 32 &9 e
AIAPEHEE FHAE
Aatoltt. Aol wis] dxdF 2 FAGE old oA
7Hup)/dax(down)shs Al ZAPE BE FAAE F24 4
E(Gene ontology) FE £4% E3l A2 3 thiwww.go-
database.org). A AlY & §AR = 2w o)A WIlx=

gt bovine array

oxl
ox
kN
i
s &
)
=3

A 2K(differentially expressed genes; DEG)E 2|v] &= #4
A2 7hFetd(log 2°=1) HAAF I glvh dEGFEAME A
1,85270 A AF & 93470 7F Z718baL 91870 7F TAshd o,
F7beke 93470 AR F A EANEH FAEE FAAAE A2
N2l DEGE I8 A cytocrome C, Apo-2 ligand 2 inhibin
alpha(INHA) A th. F71¢] DEG+ phosphoinositide-3-kinase,
regulatory subunit, polypeptide 2(p85 beta)(PIK3R2)$} v-akt
murine thymoma viral oncogene homology 1(AKT1)®]tH(Ta-
ble 2). YEFFANE Z4 DEGE A5 A gtk #ad
FTAME 2,770 42 F 1,789707F F7Vaka 982707t 7
astded, 1,789709 S7F fA7 F AE APE #dE §4
2} 14707F &= 0™, DEG S707F £3E ok as)
AMZEAFBFHAFAAE 12707F 8152, DEG7E 47 =
ol stk FAEGEAM F71HE A ZANE #9E DEGOlE
TNF receptor-associated factor 2 FAH-8 ZHTNF-RAF2), pro-
lactin receptor(PRLR), forkhead box L2(FOXL2), serine/threo-
nine kinase 4(STK4) % collagen type IV, alpha 3(Goodpasture
antigen, COL4A3)7} ¥&5 2, #4 s+ DEGOlE inhibin,
alpha (INHA), cell death activator CIDE-B(cell death-inducing
DFFA- like effector B, CIDEB), B-cell CLL/lymphoma 10
(BCL10) ¥ Fas ligand(FASLG)7} E ¥ ¥ ol

rir
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Table 2. Apoptosis-related genes up-regulated in cystic ovary

Gene name (Gene symbol) GeI?Bank Fold change Rep'roductive
accession Nos. (log2) disorders
Similar to TNF receptor-associated factor 2 (TNF-RAF2) XM 869007 5.6 Luteal cyst
Prolactin receptor (PRLR) NM_001039726 5.0 Luteal cyst
Forkhead box L2 (FOXL2) NM_001031750 3.5 Luteal cyst
Serine/threonine kinase 4 (STK4) NM_OOlOlS%OZ 32 Luteal cyst
Collagen, type 1V, alpha 3 (Goodpasture antigen, COL4A3) XM 618164 29 Luteal cyst
Phosphoinositide-3-kinase, regulatory subunit, polypeptide 2 (p85 beta) (PIK3R2) NM_174576 4.9 Follicular cyst
v-akt murine thymoma viral oncogene homolog 1 (AKTI) NM_173986 2.1 Follicular cyst
Table 3. Apoptosis-related genes down-regulated in luteal cyst
Gene name (Gene symbol) accce}:sli(]?r?nll\(los. Fol?lofghza;nge
Inhibin, alpha (INHA) NM_174094 -2.7
Similar to cell death activator CIDE-B (Cell death-inducing DFFA-like effector B) (CIDEB) NM_001034567 -23
B-cell CLL/lymphoma 10 (BCLI10) NM 001078028 -2.4
Fas ligand (FASLG) NM_001098859 -22

2 o 3§ 20|= DEGS HE
FAGEANM BEFE DEG 9NE A2 JAANEZFES
HEE Ak o] R
# o] £ A Z7131= DEG 57H(TNF-RAF2, PRLR, FOXL2,
STK4 % COL4A3)9t 743t DEG 47)(INHA, CIDEB, BCL
10 # FASLG)E A3 A THEL SO0 2 A
23, F7F8hE DEG 5/0e A F4 GHA $PEA oA
T BF Zastgnl 448tE DEG 470 & nlo]AZ ol#o]st
A M FEEA S A BF XA HFig. 1). I
Hu Mg = tha 2olE EYth INHAY A5 vlo]lag
ojglo] Aol M= 1430 ZAsT AP AN FHEL
Bhg Ao M 1239 Ast ATk FAdSolM HalEHE
DEGE X 3% AAAAE AFH AAA FTHEL PP S
o] &-3le] FIIRTE A4 HE) GEFE o)A PRLR2,
STK4 % BCL10-2 27132 TRAF, FOXL2, COL4A3, INHA,
CIDEB % FASLGE &3 th(n=3, p<0.05, Fig. 1).

3. MEANE

A ZAEAL el $3le] TUNEL 3948 AX&
o AEAE dold A EE DNA A3 dojt 294
fluorescein isothiocyanate(FITC) & ZFHA A7} G5 o] Y
WE gAdEe] 97 AT} 22H0 7 Jebgthn=4,

Luteal cyst
- 1 2345 67829
o
o ©
§3 O
5.0 1. TNF-RAF2
S B 5 2.PRLR2
33 ) 3. FOXL2
- 5 Follicular cyst 4. STK4
gg_-]o_ 123456789 5 COLAAS
2T o 6. INHA
s £ 15{ s 7. CIDBE
¥ & 8. BCL10
£ 10 9. FASLG
-20- )
15 [——IMicroarmray data

B real-time PCR

Fig. 1. Validation of DEGs by real-time PCR. Bar graphs showed
fold-change in relative mRNA expression of TNF-RAF2,
PRLR2, FOXL2, STK4, COL4A3, INHA, CIDBE, BCL10,
and FASLG in the cystic ovaries. The expression levels
were normalized to GAPDH. Each bar is the meantSD
of three determinations.

Fig. 2). 281u 3AGEolM 25402 JGAE Az 4P
E YR Eo] gAFA e HOZ Hol AEAH 23] o
Mo] o]Fojzl FHoF Holx Y

Fig. 3014 EHA = ve} o} AZAHS £243 7)2&



Negative
control

Normal
ovary

Follicular
cyst

Luteal ;
cyst

Fig. 2. Immunohistochemical data of bovine cystic ovaries. TUNEL
staining was performed in follicular and Iluteal cystic
ovaries. The signal was observed using confocal laser
scanning microscopy (x 200).

98] 7] 3t dxE5) 8AdEoll A mitogen-activated pro-
tein kinase(MAPK)®| &4 AL E d2d B3t B4 53
el 3}Sirt. Extracellular signal-regulated kinase(ERK), c-Jun
NH2-terminal kinase(JNK) ¥ p389] wrelutd & wlws] £ 2
F g A INKe] o] UehA e Ag A Qs
= A a0k Aol &9 ¢ Atk HEEE 9

1 ERK$] &4o] tha Frhehe ZAAH
o] A5 VehbA Yodth d2EE
ol oA caspased] &4 HA] o]FoA]x %9}\:}. U]E—"’—E
olo] MazAtE #AY Tulgde] HaE AHEY] 95 Wx
Zqo [ﬂ._LX}.]:ﬂ S-akel zlel B

Bel-xL¢] ‘?E"EE% el B3t ﬂ'i%—é‘
£ HolAl &uthn=3).

npol A olg o] BA A G FEH FAGT EFoIA
PI3K St Akt/PKB 37242 F7h7t #2159 chFig. 4). PI3K
o} AkVPKBE A E A el #ofsts ARZA 2 4 A 3l
ol dEFEol A PI3Ko AktS] HEH 2 p-Aktd] 3= o

2] gkerth. 2318 PI3K S} p-Akte] L& o] Ao H]s)
io}aiv}(mg 3). welaRofo] AxE AR A
AL AAE 223314 Fig. 49 72l mRNAS v
Ao Bzl wadFel A vehs W AEaE

= AEZANE #E /AR 61

Fig. 3. Western blot analysis for apoptotic signaling involved in
bovine follicular cysts. The expression levels were nor-
malized to [3-actin expression.
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ter, 2004), ARSI ARNG-AAH] A2 S 3§
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A 9 tHLopez-Diaz2}t Bosu, 1992). 53], W @5 WA A
A A2E Rl T2 Wyt ZAHEH estrdiol-17 8
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Fig. 4. Scheme of apoptosis-related signaling pathways, which are involved in follicular and luteal cystic ovaries, obtained from microarray,
real-time PCR, and Western blot analysis. In the luteal cyst, down-regulation of FAS-ligand mRNA expression might be responsible
for the decrease in apoptosis. There was a negative correlation between microarray data and Western blot analysis in the
follicular cyst. Microarray data showed up-regulation of PI3K and AKT, whereas Western blot analysis showed down-regulation.

NA st BAFAT FAGE) FEYGME 95
WSS HolA AAUTHA 5, 2008). FE M Fof o]F
29| 37t AdEY] dehs 4otk ARE Gz E
HAHSHAES} XN E7} ASHOoE 24 AW FAYdE
A I F4 A=7t ZAAHGarrett$} Guthrie, 1996). )
Mgzl vt NZAGANE FHSA T} Yx A E
€ AR 8 veve d402 48A dddolly 5,
1994; Isobe®} Yoshimura, 2000). ¥ 3FEo] 9= Yx 9] 3

SHZL GERAETE A FEAA 15 224 YR
o= 84 StiIsobe®t Yoshimura, 2000). X132 Z7)o:=
GE7 FHSAZE 7N QI o) MY HA Y
it v BESAEE AR g GEYE 3ok E
A ZAEARE 73] Yebdth(Isobe$t Yoshimura, 2000). o}
HE AFAFAELS AHASAEY AArA FE G2 YR
Ho] obdE AAE AT dEFEC] JE vE] Uxw
A 2l A proliferating cell nuclear antigen(PCNA)°] T &7
SHE Y HBYHEZHENA caspase-3-positive | E7} A EH 0
E 2EHUY G2 3FeM FHEAE AE Aer w3
HEEA R W ZAEE YEE0] A3 etHA 3
glol A% FENA =gl fFAH GErl eH;E}
ZHEAL glo] A&d Roletar A 73l thlsobe$} Yoshimura,

2007). FAZHA) FARF) oln MEAYAS] B BT
= gtk £ 7ol AAE TUNEL 943 926 2 24
2 A A

o o8} Helx AAEL ATAEH B AT
W3 BHE NS R WHo| BALA Po} AT
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ZAE 3R 5 wle]a R oH ol o} F
U AL TN FAd FAE HolEA F9F
A #H3te INHAE A9etzx g 93]9E Bel-2, Bax,
FSH, FASLG ® caspases 53 7 94X & Agsi= Ex2
TF-EEH(Elvin £, 1999; Hussein, 2005) Y 7] Aute] A=A
F gt 23 AEZ 0] JAE dadA INHAS &
77 dEhg o, o] A2 glo} Wda) YE ) G
FAtKBilliar F, 2003). U)W Yx 9] wto) s}
MEAIEE FEb AEF7E ZAANE o &2
ToA AR AEAEA 5 F-HAE, INHA, CIDEB,
BCL10 % FASLG®| &4 Zras YEolAe AXAdA o
Aoz F8% + ds A 2o

B are #AM F s 254020 359 da
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371 95t WY GA e 7 U JOTRE FER
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XHA ZPHE Holth FA7|9) diolM ¥HaEHE 44
2 483 AsL
(GFBP- rPI)°] Q)] 23 F7] 542 A A"
FAHst T3 4T s FA T 2NN 189 F
7Vt BT} Squalene epoxidase= LR F7] Tt Al ZF o
371 AN 79 a8t
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ding protein, G protein)3 ¥ e} Z2|H e} 1(beta polypep-
tide 1, GNBI)®| 2¥ & S7MIZAL, 10894 26/2LEY 9
FA Froldio] = Ftojio| & 2 WEN calcium/calmodulin depen-
dent kinase kinase 2, beta, CAMKK2)E % 7A17 tGoravana-
hally 5, 2009). °1%A A7kl w2 FAZA 9] Ml {3
AEe WHEE sty FAAEY H3tE ® & WHIlE
AFE F e Aok & °":rL°ﬂ’\1‘" ol g F-Eo] A =
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9% = & gA AT dA& ] A NEZEAIEEAFE
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d HA9 UY URE SAUOEA URGES AR

YRGS A PI K3R29Jr AKT17} 5218k *7}5} x, iol-iﬂ
FEAME F7HEE MEZAYA B DEGs, TNF-RAF2,
PRLR, FOXL2, STK4 ¥ COL4A3¢ 7+ 3= DEGs, INHA,
CIDEB, BCL10 ¥ FASLG7} 2FHUTH A%H AL 23
x9S o] 83t mRNA 2 H3E 7453 23 INHA,
CIDEB, BCL10 2 FASLG% vlo]a g old o) £U3 A}

£ EYth INHAS 7§ vpo]la2ojg o] Aol M= 1.434)
74y AHE A 2FEL WS AaelMe 1234 i
AT AZAFE 321S 918ted TUNEL &394 3} ERK, INK,
p38, PI3K @ Akt/PKBS] 9128 B3t B8 Axs dx A
ddaste] o7k apelE AT & AT Caspase®] B4
%4 Bax, Bel-2, Bel-xLo] @il F £4 AA] Foddiet o
apo)E Holx| gt} 233 PI3KS} p-Akte] wE o] HAtel
Hjste] ZHAdts AEgS B ol AHER uFo B
oF GAWE A B F = MEAIALY @2 BH S A

AEQA Y FaR e & 9 Rele Az,
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